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(57) ABSTRACT

The invention relates to a wheel (1), particularly a partially
light-metal wheel and/or a light-metal wheel for motor
vehicles, essentially comprising a rim (2) and a wheel spider
(3), wherein the wheel spider (3) is made of a carbon-fiber-
reinforced plastic. According to the invention, the wheel (1)
has a clamping ring (4). The wheel spider (3) can be fastened
to the rim (2) by means of the clamping ring (4).
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1
WHEEL FOR MOTOR VEHICLE

CROSS REFERENCE TO RELATED
APPLICATION

This application is the National Phase application of Inter-
national Application No. PCT/EP2012/069194, filed Sep. 28,
2012, which claims priority to German Patent Application
No. 10 2011 083 834.1. These applications, in their entirety,
are incorporated herein by reference.

The invention relates to a wheel, particularly a light-metal
wheel for motor vehicles. The wheel essentially comprises a
rim and a wheel spider. Light-metal wheels in the sense of the
invention are understood as wheels that comprise light metal,
at least partially, but also other materials, including non-
metallic materials, and thus also partially light-metal wheels.

Such wheels are known in the prior art as multipart wheels.
Differences in the properties of the materials used present
challenges to specialists and continue to offer room for
improvement. In particular, the joining of the multiple parts
made of different materials requires continuous improve-
ment.

These problems are solved according to the invention by a
wheel with the characteristic features of patent claim 1 in
combination with the features according to the definition of
the species.

According to the invention, the wheel spider consists of a
metal or a metal alloy, particularly a light metal such as
magnesium or aluminum. The rim consists of a carbon-fiber-
reinforced plastic, particularly with a thermoplastic or
duromer matrix. The wheel spider can be fastened to the rim
by means of a clamping ring.

By means of such a clamping ring, a defined pretension
which is sufficient for receiving an operating load can be
achieved between the components being joined. This proves
to be advantageous when compensating for differing expan-
sion coefficients of the carbon-fiber-reinforced plastic and the
metal of the different components. The use of the clamping
ring according to the invention leads to greater stability of the
connection between rim and wheel spider.

According to an advantageous specific embodiment, the
rim has a rim inner bed and a rim outer bed, which transition
into a rim inner flange and a rim outer flange, respectively.
The wheel spider is supported axially inward within a first
circumferential contour, wherein the first circumferential
contour is formed in the rim outer bed or in an area of the rim
axially adjacent to the rim outer bed.

The clamping ring can slide on the contact surfaces in the
radial direction. The contours of advantageous specific
embodiments are coordinated in their bevels and clamping
lengths such that no significant change in the pretension force
occurs under cooling or warming, and a centering by means
of the bevels is possible.

According to another advantageous specific embodiment,
the clamping ring has a V-shaped or a U-shaped cross section.
Particularly advantageously, the clamping ring has axially
inward a collar that is formed radially outward. The collar is
supported radially outward in a second circumferential con-
tour of the rim.

According to another advantageous specific embodiment,
the rim has a circumferential well that bulges radially inward.
The side walls of the well are contours of the rim, particularly
the first circumferential contour and the second circumferen-
tial contour.

Particularly advantageously, the side walls enclose an
angle, of connection relative to the vertical when the wheel is
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in a vertical orientation, wherein the side walls in particular
are formed within a connection area with a corresponding
circumferential surface.

Under load—above all when negotiating turns and thus
under a lateral force—a pretension of the clamping ring must
be great enough that the clamping ring remains securely
connected with the rim and the wheel spider. The rim formed
according to the invention receives the clamping ring with the
proposed well and its side walls so as to prevent the clamping
ring from separating from the wheel spider or the rim under
any driving conditions of the motor vehicle.

According to another advantageous specific embodiment,
the clamping ring can be connected with the rim or with the
wheel spider by means of fastening elements, particularly by
means of screws that can be screwed into the wheel spider.
The function of the clamping ring would not be used if the
clamping ring were screwed together with both the rim and
the wheel spider. Nevertheless, a screw connection of the
clamping ring can indeed be attractive for aesthetic reasons as
well, without regard for the function.

In an untensioned state of the clamping ring, if the clamp-
ing ring that has not yet been screwed on is in contact with the
rim, a first gap is formed between the clamping ring and the
rim or the wheel spider in an area of the ring in which the
fastening elements are arranged. Upon reaching a tensioned
state of the clamping ring, the first gap can be closed by
tightening the fastening elements.

The clamping ring is thus pretensioned when loads occur
due to driving conditions of the motor vehicle. The preten-
sioning causes a compression of a rim bed and an elongation
of the clamping ring. A deformation of the wheel spider can
be disregarded due to its design, cf. exemplary embodiment.

According to another advantageous specific embodiment,
the wheel spider has a number of spokes that extend from a
hub area in an essentially radial direction. At their ends, the
spokes terminate in an outer ring that corresponds approxi-
mately to an inner diameter of the rim.

According to another advantageous specific embodiment,
the screws can be screwed in radially outward areas of the
spokes, particularly in the reinforced terminal areas of the
spokes facing the outer ring.

According to another advantageous specific embodiment,
wheel spider has projections and/or indentations, which are
directed radially outward and face the rim, and the rim has
projections and/or indentations corresponding in number to
those of the wheel spider.

According to another advantageous specific embodiment,
the clamping ring is formed bulging radially inward. As a
result, the clamping ring contacts the rim only axially inward
with a collar, wherein preferably the clamping ring circum-
ferentially contacts the rim axially outward with a sealing
ring, if at all.

It is further particularly preferred that the clamping ring,
particularly the collar outside of the side wall, of the connec-
tion area and/or outside of the second circumferential con-
tour, particularly in the radial direction, is spaced apart from
the rim by a second gap, preferably in the axially outward
area, and/or the wheel spider, particularly the outer ring,
outside of the side wall, of the connection area and/or outside
of the first circumferential contour, preferably in the radial
direction, is spaced apart from the rim by a third gap, particu-
larly in the axial inner area.

Here it is proposed in particular that the dimensions of the
second gap and/or the third gap are such that in the event of an
expansion of the clamping ring, particularly of the collar,
and/or of the wheel spider, particularly ofthe outer ring, in the
radial direction, particularly an expansion due to a thermal
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expansion at a prespecified first temperature, a direct contact
of the clamping ring, particularly of the collar, and/or of the
wheel spider, particularly of the outer ring, with the rim in the
area outside of the side well, of the connection area, of the first
circumferential contour and/or of the second circumferential
contour is avoided.

A wheel according to the invention can also be character-
ized in that the angle of connection is selected such that in the
event of a thermal compression of the clamping ring, particu-
larly of the collar, and/or of the wheel spider, particularly of
the outer ring, in the radial direction and/or the axial direction,
particularly due to a thermal compression at a prespecified
second temperature, the clamping ring, particularly the collar,
and/or the wheel spider, particularly the outer ring, on the side
wall, of the first circumferential contour, of the second cir-
cumferential contour, particularly in the connection area, is
subject to a pretension, wherein the pretension is preferably
below a prespecified maximum tension and/or above a pre-
specified minimum tension, particularly throughout an entire
temperature range between the second temperature and the
first temperature.

Finally, it is proposed with the invention that the first tem-
perature is approximately 120° C. and/or the second tempera-
ture is approximately —40° C.

The invention will be explained in greater detail below
based upon the exemplary embodiment shown in the figures.
A classic spoke design with Y-shaped spoke stems was
selected in order to explain the invention. As an alternative all
types of wheel spiders or equivalent wheel elements can be
used according to the invention.

The invention is explained in greater detail based upon the
figures. These show:

FIG. 1 a perspective view of a wheel that has been sec-
tioned along its axis,

FIG. 2 a further axial section through an exploded view of
the wheel,

FIG. 3 the axial section from FIG. 2 through the assembled
wheel

FIG. 4 aperspective view as an exploded view of the wheel,
and

FIG. 5 an enlarged view of an axial section, wherein one
area around a clamping ring according to the invention in an
untensioned state is broken out,

FIG. 6 an auxiliary drawing for calculating an angle of
connection, and

FIG. 7 the enlarged view from FIG. 5, wherein the clamp-
ing ring is shown in a tensioned state.

FIGS. 1 to 5 and 7 show an exemplary embodiment of a
wheel 1 according to the invention, in the present case a
light-metal wheel for motor vehicles with a wheel spider 3
made of metal and a rim 2 made of carbon-fiber-reinforced
plastic. Wheel spider 3 can be fastened to rim 2 by means of
clamping ring 4. Ring 2 is not damaged thereby, since clamp-
ing ring 4 is mounted only on rim 2 and pulls wheel spider 3
against rim 2. By means of clamping ring 4, a pretension force
is applied to the components being connected. Thus wheel
spider 3 is mounted only on rim 2. Advantageously, there is no
screw connection into rim 2.

The same parts are given the same reference numbers. For
a better overview, not all of the reference numbers are shown
in all figures.

Rim 2 has a rim inner bed 21 and a rim outer bed 22. The
area designated as the rim inner bed is often also described as
the rim inner shoulder, and the area designated as the rim
outer bed 22 is often also designated as the rim outer shoulder.
Retaining elements, intended to prevent the tire from slipping
into the middle area of the rim, can be connected to these

10

15

20

25

30

35

40

45

50

55

60

65

4

toward the center of the rim. Both rim inner bed 21 and rim
outer bed 22 transition into a rim inner flange 23 and a rim
outer flange 24, respectively. Axially inward in the sense of
the present invention is therefore to be understood as a direc-
tion facing towards a central longitudinal axis of the vehicle,
whereas axially outward is to be understood as a side facing
away from the central longitudinal axis of the vehicle. Thus in
rim 2 at least a first circumferential contour 25 is formed, into
which wheel spider 3 can be inserted with a radially outward
and axially inward contact contour. Wheel spider 3 is there-
fore received in such a way that it is supported axially inward
inrim 2.

Wheel spider 3 has a number of spokes 31, which extend
proceeding outward from a hub area 32 in an essentially radial
direction r. Spokes 31 terminate radially outward in an outer
ring 33 that approximately corresponds to an inner diameter
of rim 2. In the present specific embodiment, the contact
contour of wheel spider 3 with rim 2 is formed by means of
outer ring 33.

In addition to the circumferential contact contour, outer
ring 33 has circumferential projections 28. Projections 28
face rim 2 and are formed corresponding to rim 2. Projections
28 are arranged on outer ring 33 distributed across its circum-
ference.

Additionally, outer ring 33 has an indentation 29 that is
designed to receive a corresponding projection of rim 2. Pro-
jections 28 and indentation 29 serve as an anti-twisting mea-
sure for receiving the braking and driving torque.

Projections 28 mesh into indentations 38, which are
formed in rim 2 pursuant to FIG. 2.

In a radially inward and axially inward direction, rim 2 has
a second circumferential contour 26. Clamping ring 4 is
formed corresponding to this second circumferential contour
26. In order to be supported axially outward against second
circumferential contour 26, clamping ring 4 has a collar 41
that is formed radially outward.

First circumferential contour 25 and second circumferen-
tial contour 26 are side walls 51 of a circumferential well 27
that bulges radially inward from rim 2. This area 27 is also
often referred to in a general sense as deep bed of rim 2.

Clamping ring 4 is (FIG. 1, FIG. 3) or can be (FIG. 2, FIG.
4) screwed into wheel spider 3 by means of screws 5. For this
purpose, internal threads are implemented in the radially out-
ward areas of the spokes 31, in reinforced terminal areas 34 of
spokes 31 toward outer ring 33. Alternatively, instead of a
screw connection, riveting or dowelling is also a possibility.
Moreover, instead of a point-by-point fastening of clamping
ring 4 with wheel spider 3, an adhesive can also be used as a
means of fastening, wherein detachable connections are pre-
ferred.

Clamping ring 4 is implemented with a bulge that approxi-
mately corresponds to well 27, wherein clamping ring 4
almost completely encompasses well 27 radially inward. In
an axially outward area, a sealing ring 42 is placed with a
radially outward orientation into clamping ring 4, which
presses radially outward against well 27. The axially outward
side wall of well 27 is not encompassed by clamping ring 4. In
the axially outward area, the clamping ring extends radially
inward with tabs distributed across its circumference.
Through-penings are implemented in the tabs, through which
screws 5 can be guided. Particularly advantageously, the
heads of screws 5 recede into the through-openings of the
tabs.

FIGS. 5 and 7 show an enlarged view of a bracing of rim 2
and spider 3 by screws 5 by means of clamping ring 4. The
bracing is defined by the geometric shapes of the components
and a first gap 6 between clamping ring and spider (in an
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untensioned state, FIG. 5) and a clamping length, wherein the
clamping length is prespecified by a well width 53 of'well 27.
First gap 6 can be closed by means of screw 5 (FIG. 7), which
results in a pretension of clamping ring 4.

The pretension results in a compression of the carbon-
fiber-reinforced plastic bed of rim 2 selected in the exemplary
embodiment and an elongation of clamping ring 4. A defor-
mation of spider 3 can be disregarded due to its design.

In order to introduce an optimal pretension force into the
system, in the exemplary embodiment, first gap 6 between
clamping ring 4 and spider 3 takes production tolerances into
account. To minimize the influence of production tolerances,
the system must be as flexible as possible. This also makes the
clamping system insensitive to permanent deformation. In the
tensioned state and under load—above all when negotiating
turns and thus under a lateral force—the pretension of the
screws on the clamping ring must be great enough that first
gap 6 remains closed. Any separation between clamping ring
4 and spider 3 is impermissible.

As a result of different operating temperatures in a range
between —-40° C. and +120° C., differing expansion behaviors
may occur due to differing heat expansion coefficients of the
individual components. This has a direct influence on the
pretension of the components. In the process, the components
expand radially and axially or contract. The decisive factor
for the pretension in this process is the expansion component
in the axial direction.

A very low or nonexistent heat expansion coefficient can be
assumed for the carbon-fiber-reinforced plastic bed. For the
purpose of simplicity, only the expansion of spider 3 and
clamping ring 4 is considered. FIG. 6 illustrates a consider-
ation based upon which well width 53 depends upon an angle
of connection 9, which should therefore be as small as pos-
sible. Pursuant to FIG. 7, angle of connection 0 is the angle
between a vertical and the contour of side wall 51 or contours
25, 26 within a connection area 52 when wheel 1 is in a
vertical orientation. An advantageous specific embodiment of
the invention proposes a compromise, since the greater the
angle of connection §, the more flexible the pretension system
and thus its insensitivity to permanent deformation.

Axial expansion under temperature causes a loss of preten-
sion force. A relief of load occurs because essentially only
spider 3 and clamping ring 4, although not the rim bed,
expand axially. By contrast, there will be an increase in pre-
tension force under cold temperatures. The greater a clamp-
ing length resulting from the selection of well width 53, the
greater the decline in pretension force as temperatures
increase.

Advantageously, the components of the pretension system
are designed so that axial and radial pretension sections cor-
respond at least approximately. This is achieved with an
advantageous specific embodiment according to the inven-
tion through an optimal selection of angle of connection 9,
clamping length 53, and clamping radius 54. This makes the
clamping system stable against temperature fluctuations with
respect to the pretension force.

The stability of the pretension force even under different
temperatures is achieved according to the invention particu-
larly in the following manner.

If wheel 1 is heated, this heating essentially does not result
in a change in the shape of rim 2. On the contrary, because of
the heat expansion coefficient of wheel spider 3 or outer ring
33, as well as of clamping ring 4, for example [sic], there is an
expansion of wheel spider 3 and clamping ring 4 in both the
radial direction r and in an axial direction.

As shown particularly in FIG. 7, both wheel spider 3 and
clamping ring 4 outside of connection area 52 and side walls
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51, respectively, are spaced apart in a radial direction from
well 27 by a second gap 56 and a third gap 58, respectively.
Because of the thermal radial expansion of clamping ring 4 or
wheel spider 3 at higher temperatures, although there is a
reduction in the size of second gap 56 and third gap 58, a
direct contact with well 27 in the radial direction is avoided.

The thermal expansion of wheel spider 3 and clamping ring
4, however, also simultaneously results in an enlargement of
their axial expansion. Because of the formation of angle of
connection O in the area of connection area 52, however, the
respective contact point of wheel spider 3 and clamping ring
4 with rim 2 in the area of side walls 51 will move radially
outward due to a simultaneous radial and axial expansion.
Nevertheless, the pretension force applied to connection area
52 of well 27 in this area will essentially remain the same due
to inclination [sic; angle of connection] 9.

By contrast, a shrinkage or compression of wheel spider 3
and clamping ring 4 due to a thermal shrinkage or compres-
sion caused by a reduction in temperature results in that the
sizes of second gap 56 and third gap 58 increase due to the
radial compression. This causes the contact point between
wheel spider 3, particularly outer ring 33, or clamping ring 4,
particularly collar 41 and side walls 51 in connection area 52
to migrate radially inward. Due to the formation of angle of
connection d and connection area 52, however, a pretension
will be essentially retained because the migration of the con-
tact point in the radially inward direction precisely compen-
sates for the thermal compression of wheel spider 3 or clamp-
ing ring 4 in the axial direction.

This ensures that a maximal load is not exceeded in the
event of thermal compression, and a minimum load is not
fallen below in the event of a thermal expansion.

In a particularly preferred specific embodiment, as already
explained above, sealing ring 42 is arranged in the area of
second gap 56. However, no force is essentially built up by
way of sealing ring 42 in the radial direction on rim 2, par-
ticularly in the area of well 27. The elasticity of sealing ring
42 merely ensures that sealing ring 42 remains in contact with
well 27 and thus prevents foreign substances, such as dirt or
water, from entering the area of second gap 56 and/or third
gap 58, without sealing ring 42 creating resistance against a
reduction of gap 56.

As finally shown in FIG. 7, clamping ring 4 encompasses a
greater axial area of well 27 as compared to wheel spider 3. In
particular, this results in that the thermal expansion and the
thermal compression of wheel spider 3 and clamping ring 4,
respectively, are compensated for in such a way that an essen-
tially constant pretension is maintained.

Nevertheless, this has the simultaneous result that as com-
pared to wheels known from the prior art, clamping ring 4 is
arranged on the axial inner side of wheel 1 and not on the axial
outward side, so as to provide sufficient clearance for corre-
sponding braking equipment within wheel 1.

At the same time, this results in a visually advantageous
design of wheel 1 in a view from the axial outward direction.
This is exactly the area where wheel spider 3 is arranged. The
wheel spider has no opening or screw connection on its axial
outward side, however, because these are arranged on the
axial inward side, on which it is joined with clamping ring 4
by means of screws 5.

The features disclosed in the preceding description, in the
claims, and in the drawings can therefore be essential for the
invention in its various specific embodiments individually or
in any combination.

LIST OF REFERENCE NUMERALS

1 Wheel
2 Rim
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3 Wheel spider

4 Clamping ring

5 Screw

6 First gap

21 Rim inner bed

22 Rim outer bed

23 Rim inner flange
24 Rim outer flange
25 First circumferential contour
26 Second circumferential contour
27 Well

28 Projection

29 Indentation

31 Spoke

32 Hub area

33 Outer ring

34 Terminal area

38 Indentation

41 Collar

42 Sealing ring

51 Side wall

52 Connection area
53 Well width

54 Clamping radius
56 Second gap

58 Third gap

r Radial direction

d Angle of connection

The invention claimed is:

1. A wheel at least partially made of a light metal for motor
vehicles, comprising a rim and a wheel spider, wherein the
wheel spider comprises a metal or a metal alloy and the rim
comprises a carbon-fiber-reinforced plastic, the wheel has a
clamping ring and the wheel spider can be fastened to the rim
by means ofthe clamping ring, wherein the clamping ring has
axially inward a collar that is formed radially outward and
supported axially outward by a second circumferential con-
tour of the rim.

2. A wheel at least partially made of a light metal for motor
vehicles, comprising a rim and a wheel spider, wherein the
wheel spider comprises a metal or a metal alloy and the rim
comprises a carbon-fiber-reinforced plastic, the wheel has a
clamping ring and the wheel spider can be fastened to the rim
by means of the clamping ring, wherein the clamping ring can
be connected with the rim and/or the wheel spider by way of
screws, and can be screwed into the wheel spider, wherein in
anuntensioned state of the clamping ring, when the clamping
ring is in contact with the rim, within a ring area in which the
screws are arranged, a first gap is formed between the clamp-
ing ring and the rim or the wheel spider, which is closed in a
tensioned state of the clamping ring, or after a tightening of
the screws.

3. The wheel in accordance with claim 2, wherein the
wheel spider has a number of spokes, which extend outwardly
from a hub area essentially in a radial direction (r), and which
terminate at their ends in an outer ring that approximately
corresponds to an inner diameter of the rim.

4. The wheel in accordance with claim 3, wherein the
screws can be screwed in radially outward areas of the spokes,
in reinforced terminal areas of the spokes toward the outer
ring.
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5. A wheel at least partially made of a light metal for motor
vehicles, comprising a rim and a wheel spider, wherein the
wheel spider comprises a metal or a metal alloy and the rim
comprises a carbon-fiber-reinforced plastic, the wheel has a
clamping ring and the wheel spider can be fastened to the rim
by means of the clamping ring, wherein the clamping ring is
formed bulging radially inward, and the clamping ring con-
tacts the rim only axially inward with a collar, wherein the
clamping ring circumferentially contacts the rim axially out-
ward with a sealing ring.

6. A wheel at least partially made of a light metal for motor
vehicles, comprising a rim and a wheel spider, wherein the
wheel spider comprises a metal or a metal alloy and the rim
comprises a carbon-fiber-reinforced plastic, the wheel has a
clamping ring and the wheel spider can be fastened to the rim
by means of the clamping ring,

wherein the clamping ring, outside of a side wall of a

connection area and/or outside of a second circumferen-
tial contour, in a radial direction (r), is spaced apart from
the rim by a second gap in an axially outward area,
and/or the wheel spider, outside of the side wall of the
connection area, and/or outside of a first circumferential
contour, in the radial direction (r), is spaced apart from
the rim by a third gap, in an axial inner area.

7. The wheel in accordance with claim 6, wherein the
second gap and/or the third gap has or have dimensions such
that in the event of an expansion of the clamping ring and/or
of'the wheel spider in the radial direction (r), and in the event
of'an expansion due to a thermal expansion at a prespecified
first temperature, a direct contact of the clamping ring and/or
of'the wheel spider with the rim in the area outside of the side
wall, of the connection area, of the first circumferential con-
tour and/or of the second circumferential contour is avoided.

8. A wheel at least partially made of a light metal for motor
vehicles, comprising a rim and a wheel spider, wherein the
wheel spider comprises a metal or a metal alloy and the rim
comprises a carbon-fiber-reinforced plastic, the wheel has a
clamping ring and the wheel spider can be fastened to the rim
by means of the clamping ring, wherein the rim has a circum-
ferential well that bulges radially inward and wherein con-
tours, a first circumferential contour and a second circumfer-
ential contour, are formed in the rim by a side walls of the
well,

wherein the side walls enclose an angle of connection ()

relative to a vertical line within a connection area when
the wheel is in a vertical orientation, and

wherein the angle of connection (9) is selected such that in

the event of a thermal compression of the clamping ring
and/or of the wheel spider in a radial direction (r) and/or
an axial direction due to a thermal compression at a
prespecified second temperature, the clamping ring and/
or the wheel spider is subject to a pretension, wherein the
pretension is preferably below a prespecified maximum
tension and/or above a prespecified minimum tension,
throughout an entire temperature range between the sec-
ond temperature and a first temperature.

9. The wheel in accordance with claim 7, wherein the first
temperature is approximately 120° C. and/or the second tem-
perature is approximately —-40° C.
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